University of Montana

ScholarWorks at University of Montana
Graduate Student Theses, Dissertations, &
Professional Papers

Graduate School

2008

AGE AT DEATH ESTIMATION FROM THE SACRAL SIDE OF THE
SACROILIAC JOINT
Misty Marie Keahi Rego
The University of Montana

Follow this and additional works at: https://scholarworks.umt.edu/etd

Let us know how access to this document benefits you.
Recommended Citation
Rego, Misty Marie Keahi, "AGE AT DEATH ESTIMATION FROM THE SACRAL SIDE OF THE SACROILIAC
JOINT" (2008). Graduate Student Theses, Dissertations, & Professional Papers. 106.
https://scholarworks.umt.edu/etd/106

This Thesis is brought to you for free and open access by the Graduate School at ScholarWorks at University of
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an
authorized administrator of ScholarWorks at University of Montana. For more information, please contact
scholarworks@mso.umt.edu.

AGE AT DEATH ESTIMATION FROM THE SACRAL SIDE OF THE SACROILIAC JOINT
By
Misty Marie Keahi Rego
BA, University of Southern California, Los Angeles, California, 2004
Thesis
presented in partial fulfillment of the requirements
for the degree of
Master of Arts
In Anthropology, Forensic Anthropology
The University of Montana
Missoula, MT
Fall 2008
Approved by:
Dr. David A. Strobel, Dean
Graduate School
Dr. Randall Skelton, Chair
Anthropology
Dr. Ashley McKeown
Anthropology
Dr. Ralph Judd
Microbiology

Misty Marie Keahi Rego, M.A., May 2008

Major
Anthropology

Abstract
Chairperson: Dr. Randall R. Skelton
This thesis presents a new method of age estimation in adult human skeletal
remains based on age related degenerative changes of the sacral side of the
sacro iliac joint. It is inspired by the existing method of aging based on age
related degenerative changes of the iliac side of the sacro iliac joint developed by
Lovejoy et al. (1985). This new method uses a ten-year-wide incremental scale
of age estimation. The development and testing of this method was done using
the Documented Collection from the University of New Mexico's Maxwell
Museum of Anthropology. Results suggest that utilizing sacral deterioration to
estimate an individual's standing as an old or young adult is more reliable than
placing them into one of the ten-year-wide increments.
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CHAPTER ONE

INTRODUCTION

Age-at-death estimation of human skeletal remains is an essential element
in forensic anthropology cases and for establishing biological profiles in
paleodemography. Methods of determining the approximate age at death of
individuals vary according to which age category remains happen to fall into, fetal
(conception to birth), infancy (0-2 years), early childhood (3-5 years), late
childhood (6-12 years), adolescence (13-24 years), young adulthood (25-49
years), and old adulthood (50 plus years), (Steele and Bramblett 1988).
Chronological age approximation is accomplished through correlation with the
biological age of an individual, where biological age refers to the developmental
or degenerational state of individuals at the time of death. An inspection of
skeletal materials checks for the presence or absence of morphological features,
which can lead to the development of stages or phases which said features are
grouped together, allowing for the chronological age correlation.
The pelvic girdle is the site of two well-known and commonly used adult
aging techniques. T.W. Todd (1921) pioneered the use of the pubic symphysis,
while C.O. Lovejoy et al. (1985b) developed a technique based on the
degenerative changes of the auricular surface of the ilium. This leaves one joint
surface in the pelvic girdle that has not been examined to determine if the same
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processes of adult skeletal deterioration over the passage of time is capable of
gauging chronological age.
Articulating with auricular surface of the ilium is the auricular surface of the
sacrum, hereby referred to as the sacral side of the (sacro-iliac) SI joint, which
should, if the findings of Todd and Lovejoy et al. are any indication, allow for the
development of an adult aging method, since this surface is no doubt subject to
morphological changes due to age.
Ideally this new method will prove useful in cases where not all of the
bones of the pelvis are present, when there is destruction of the other joint
surfaces in the pelvis. It will also be useful in situations where a multivariate
approach to age is being used.
Until the development of this method, the sacrum was used for sex
estimation where difference in the curvature of the sacrum (sharp for males and a
flatter presentation in females) (Bass 2005) and the size and morphology of the
sacrum, with female's being shorter and wider than that of the male (Anderson et
al. 1998).
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CHAPTER TWO

LITERATURE REVIEW

The human sacrum makes up the portion of the pelvic girdle that
articulates on both sides with the os coxae or ilium. It also serves as the
articulation point between the fifth lumbar vertibrae and the pelvic girdle. The SI
joint is dissimilar from the other movable joints of the skeleton because of the
fibrous cartilage that holds the joint together (Lovejoy et al. 1995). This cartilage
consists of a dense matrix of white fibrous tissue and cartilaginous tissue,
(Anderson et al. 1998), acting as a sort of living Velcro. It is similar to the hyaline
cartilage between the vertebrae, connecting the sternum to the ribs, and holding
the pubic symphysis together.
Both the auricular and sacral sides of the SI joints experience regular
changes as age increases (Sashin 1930). Up to this point, the changes on the
iliac side have been observed, showing that it has surface changes that are
relatively well defined and sufficiently regular to provide accurate adult ages at
death (Lovejoy 1985b); (Igarishi et al. 2005). Mapping the changes in the
auricular surfaces of the SI joint on fresh cadavers has shown not only the
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similarity of age related changes of both sides of the joint, but illustrates that
deterioration increases incrementally with age (Walker 1992).
The anatomy of the SI joint, where it would be very easy to believe that
both sides would mirror one another, are slightly different in more than just the
respect that each side is on a different bone. The observable differences are not
necessarily on the joint surfaces themselves, but in the cartilage that lines both
sides of the joint. Iliac cartilage is fibrous, while the sacral cartilage is hyaline
(Schunke 1938). It also happens that the cartilage of the pubic symphysis is
fibrous (Gray 1994). Fibrous cartilage has a columnar organization with islands
of hyaline cartilage appearing throughout while the hyaline is dense and compact
with parallel layers, (Schunke 1938). Other differences include sacral cartilage
being thicker than iliac, with the thickness on each side relative to the opposite
side of the joint, with the bone surface of the sacrum being thicker than the ilium
(McLauchlan and Gardner 2002). Where the iliac cartilage has more cells and
almost takes on a fluffy appearance under the microscope, sacral cartilage more
closely resembles that of the large limb joints having fewer cells (Schunke 1938);
(McLauchlan and Gardiner 2002). It is these differences in the cartilage types
that make the joint surfaces unable to mirror one another as the whole joint
deteriorates.
Shashin (1930) also notes that even though the SI joint is subject to some
movement, especially in females during pregnancy where hormones make the
joints of the pelvis more elastic, that there is no observable eburnation or
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deterioration seen in the joint. His research makes it seem possible, even with
the cartilage on the sacral side is more like that of the movable joints, that even
the lack of fibrous cartilage which loans itself to the methods developed for the
iliac side, there should still be enough pathology to determine age at death.
Aging methods built on the degenerative change of the joint surfaces in
the pelvic girdle employ similar terminology while looking for similar traits that
may or may not be present in order to determine age at death. For the auricular
surface, the method employs a search for billowing, striae, granularity,
densification, macroporosity, transverse organization, and overall erosion of the
joint surfaces, (Lovejoy et al 1985b). Todd (1921) includes lipping of the joint
and breakdown of the lip in his criteria, as do his contemporaries who refined his
method. This method was modified to differentiate between males and females
for more accurate results by Katz and Suchey (1985) for males and Suchey et al.
(1988) for females.
Like Todd's method, the method of Lovejoy et al. (1985b) has undergone
revisions by other scholars. Murray and Murry (1991), Saunders et al. (1992)
Bedford et al. (1993), Baccino et al. (1999), Osborne (2000), Buckberry and
Chamberlain (2002), Osborne et al. (2004) and Mulhern and Jones (2005) have
all worked to show this method's greater accuracy when included as part of a
multifactoral age analysis. Igarishi et. al. (2005) took the basics of the Lovejoy et
al. (1985b) method and added an entirely new set of criteria to use when aging
the auricular surface by looking for additional characteristics.

5

There are numerous other methods available to estimate age from the
adult human skeleton that do not use the bones of the pelvic girdle. Age
estimation from the closure of cranial sutures was pioneered by Todd and Lyon
(1924, 1925) and expanded upon by Baker (1984). The closure of the basilar
suture was observed to close between the ages of 17 and 19 (McKern and
Stewart 1957).
Fusion of the epiphises of the long bones happen at predictable ages and
vary by bone and which end is fusing, Workshop of European Anthropologists
(1980).
Erruption of permanent dentition can age young adults (Ubelaker 1989)
and the subsequent wear on the occlusal surfaces of teeth can aid in gauging
adult age at death, (Lovejoy 1985a); (Tromly 1996). Change in sternal rib ends,
especially the fourth rib, corresponds with age, though age differs with sex, Iscan
and Loth (1986).
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CHAPTER THREE

MATERIALS AND METHODS

This study documents the development an application of a method to
determine the age of adults based on the breakdown of the sacral side of the SI
joint, using the Documented Collection at the University of New Mexico Maxwell
Museum of Anthropology at Albuquerque, New Mexico. The Documented
Collection is made up of modern individuals donated to the University from 1978
to the present. Vital statistics are on file for each individual in the collection,
including sex, age/estimate of age, population, cause of death if known, and the
height and weight in both standard and metric units. This study utilized only
those individuals whose ages were known rather than estimated. It was
important to work with a collection of known age in order to establish the
accuracy of the developed aging method where degenerative change in the
surface of the sacrum is correlated with age and can be assigned to stages with
ten year intervals.
For this study, 100 individuals were examined, 70 of which were assigned
to an "analysis sample", which was used to develop the method. Thirty, formed
the "test sample", which was used to test the accuracy of the method developed.
Tables 1 through 3 show the age distribution within the samples.
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Table 1
Age Distribution of Analysis Cases
19-29

30-39

2
7
Total: 70

40-49

50-59

60-69

70-79

80-89

90-99

7

5

20

9

3

4

100109
1

Table 2
Age Distribution of Test Cases
19-29

30-39

3
5
Total: 30

40-49

50-59

60-69

70-79

80-89

90-99

3

9

6

1

3

0

100109
0

Table 3
Age Distribution of All Cases
19-29

30-39

5
12
Total: 100

40-49

50-59

60-69

70-79

80-89

90-99

10

14

26

10

6

4

8

100109
1

Cases were selected by first examining the master list of Documented
cases to see how many individuals there were total in the collection and to
choose individuals who were adults and not juveniles. This also allowed for the
discarding of those whose ages were estimates rather than known for certain.
Before unsuitable subjects were removed from consideration, there were 252
individuals total. 100 were ultimately chosen for this study in the order they were
arranged on the shelves in the collection, which meant that their age was
unknown to the investigator until the master list was consulted.
Data collection consisted of photographing the sacral surface of the SI
joint of these 100 individuals. For each individual, the age and sex was recorded
as well as which side, left or right, was photographed for analysis. Left sides
were used wherever possible for the sake of consistency. The right side was
used when the left was too damaged by processing or handling to yield reliable
data.
High quality digital photos were taken with a Cannon Rebel Powershot S2
IS. Photos were magnified and cropped as needed in order to record the
features of each joint surface. In the earliest stages of this study, it was
discovered that a color photocopier made the truest reproduction of the joint
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surfaces as compared to other methods of recording. However, due to the
impracticality of that method, a digital camera was used instead. Unfortunately,
photographs do not compare to a physical examination of the specimines, where
there is no doubt as to the crispness and clarity of the joint surfaces. Time
constraints made taking photographs necessary.
Analysis of the photographs and the resulting data was performed at
various locations outside the Maxwell Museum. The following features were
looked for: billowing, striae, macroporisity, granularity, densification of surface,
subchondral destruction, development and/or breakdown of a rim, development
of a lip, and erosion of a lip. Presence or absence of these features was
documented and in some cases commented upon. These features were chosen
because of their use in other methods of aging from the pelvic girdle.
Documentation of features on the 70 method cases included working with
the known ages of each individual. The sample was divided into ten-year
increments, save for the youngest increment which included the one individual in
the study under the age of twenty. Aging criteria were devised by the compilation
of the most common traits found in each ten-year increment.
Results are broken up into two categories: Estimations of Actual Age and
Estimations of Old/Young adults. This was done in order to exact as much
accuracy out of this method as possible at this stage of development.
For Estimations of Actual Age, the thirty practical cases were judged on the
criteria listed in Chapter Four. Actual ages were compared to the estimates
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resulting in the method being correct for only five individuals, for a rate of 17%
accuracy. These results were entered into the statistical program SPSS for
Window version 15.
Estimations of Old/Young adults is classified as the proper placement of
individuals in an age range of 19-49 as Young Adults and 50+ as Old Adults. An
individual was considered correctly placed if he or she was estimated to be within
five years +/- of actual age.
Photographs of individuals were not compared against one another.
Instead, the method consisted of comparing features of the photographs of the
"test sample" cases with the textual descriptions of the stages developed from
the "analysis sample."
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CHAPTER FOUR

RESULTS

The application of this method worked by viewing each of the 30 "test
cases" individually and checking them against the age criteria in Table 4. Terms
used in the table are described as follows: Striae consist of slight transverse
ridges on the surface of the joint, which are more prominent in younger
individuals and fade over time. Granularity refers to the fine, almost sand paper,
texture of the joint surface. It tends to be present in younger individuals.
Densification, refers to the compact subchondral bone that overtakes granularity
as age increases. Macroporosity consist of small holes, pores, visible on the
joint surface to the naked eye. Subchonral destruction tends to follow the
development of macroporostiy as age increases, leading to large pores and the
destruction of the bone. A rim, present in younger individuals, is a visible strip of
raised bone near the edge of the joint surface that dissipates as individuals get
older. A lip is the elongation of bone beyond the original edge of the joint, and
trait becomes more pronounced as age increases.
These traits are a combination of traits from both pubic symphysis and
auricular surface of the ilium aging methods. This makes for more uniform
terminology across the field of osteology.
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Table 4
Criteria for Age Estimation from the Sacral surface of the SI Joint
Age
19-29

Description
Striae slightly visible, mainly along posterior margin. Granularity still present but
more concentrated on superior and inferior ends of the joint. Rim well defined in
places around the margin. Less likely to be complete.

30-39

Striae slightly visible, mainly along posterior margin. Granularity still present but
more concentrated on superior and inferior ends of the joint. Rim well defined in
places around the margin. Less likely to be complete.

40-49

Striae faintly visible if at all. Macroporosity is starting to develop. Densification is
starting to compact the joint surface. Surface shows “islands” of bone and starts to
exhibit some areas of ruggedness. Rim still present in areas around margin. Lip is
starting to form on outside margin of joint but is not extensive or complete.

50-59

Macroporosity is more prevalent than in previous age group. Pores are larger
overall than before. Densification is making more of the overall surface of the joint
compact with ruggedness and island formation increasing. Lip is distinctly
developed and filling out around the margin.
Macroporosity is continuing to be more prevalent. Densification of joint has lead to
an overall rugged appearance of the joint surface with loss of the island feature.
Lip is prominent at this stage with some areas becoming less defined and irregular.

60-69

70-79

Macroporosity is still present and is contributing to Subchondral Destruction of the
joint where macropores converge and reveal cortical bone. Lip is still present with
irregularities. Erosion of Lip is starting with some of the edge breaking down and
scalloping appearing at the anterior-superior margin.

80-89

Macroporosity is starting to become very visible, creating a mottled surface.
Densification is still present in areas not inundated by macropores. Lip is still
present but highly degraded. Erosion of Lip has lead to a very irregular edge that
has become sharp or porous.

90-99

Surface is very irregular. Lip is still present in some areas around margin of the
joint. Erosion of Lip has continued to be very irregular and scalloped. There is a
loss of the anterior-superior margin.
Surface is very irregular. Lip is still present in some areas around margin of the
joint. Erosion of Lip has continued to be very irregular and scalloped. There is a
loss of the anterior-superior margin.

100-109
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Figure 1. An individual from the 19-29 age range.
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Figure 2. An individual from the 30-39 age range.
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Figure 3. An individual from the 40-49 age range.
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Figure 4. An individual from the 50-59 age range.
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Figure 5. An individual from the 60-69 age group.
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Figure 6. An individual from the 70-79 age group.
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Figure 7. An individual from the 80-89 age group.
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Figure 8. An individual from the 90-99 age group.
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Figure 9. The only individual in the 100-109 age group.
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The following assessments were made in regard to the placement of each
of the 30 individuals in one age range.
This method showed an accuracy of 16%. Using Pearson's r, correlation
between the actual age and the estimated age had a correlation of .047, showing
that this method does not strongly link estimated age with an individual's known
age at death, as seen in Table 5.
Overall, 23 of 30 individuals were properly placed in the correct category
for Young/Old adults, making this method 77% accurate, as seen in Table 6.
Upon closer examination, nine of twelve Young Adults were properly placed
giving a 75% rate of accuracy. Eight of eighteen Old Adults were properly
placed, giving a 44% rate of accuracy.
SPSS calculations, once again using Pearson's r, for the Old/Young
estimations revealed a correlation between real age and placement in the Old or
Young adult categories of 0.59. This correlation supports Old/Young estimations
as more accurate than age-group estimations.
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Table 5
Test Case Results with Ten-year Intervals
Subject #

Maxwell Catalogue #

Actual Age

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

49
83
89
99
198
110
113
112
117
115
171
176
181
187
190
194
223
231
246
4
31
142
152
156
162
161
240
238
45
73

22
24
26
69
39
35
41
32
56
71
30
34
57
81
61
68
65
41
59
52
57
56
54
82
54
60
61
59
82
47

24

Estimated Age
Range
30-39
40-49
30-39
50-59
60-69
40-49
50-59
30-39
40-49
70-79
80-89
30-39
60-69
80-89
90-99
40-49
40-49
80-89
80-89
80-89
80-89
70-79
80-89
90-99
40-49
40-49
60-69
90-99
30-39
50-59

Table Six
Test Case Results with Young/Old (19-49/50+) Intervals

Subject #

Maxwell Catalogue #

Actual Age Range

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

49
83
89
99
198
110
113
112
117
115
171
176
181
187
190
194
223
231
246
4
31
142
152
156
162
161
240
238
45
73

19-49
19-49
19-49
50+
19-49
19-49
19-49
19-49
50+
50+
19-49
19-49
50+
50+
50+
50+
50+
19-49
50+
50+
50+
50+
50+
50+
50+
50+
50+
50+
50+
19-49
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Estimated Age
Range
19-49
19-49
19-49
50+
19-49
19-49
19-49
19-49
19-49
50+
50+
19-49
50+
50+
50+
19-49
19-49
50+
50+
50+
50+
50+
50+
50+
19-49
19-49
50+
19-49
19-49
50+

CHAPTER FIVE

DISCUSSION

The information in this thesis shows that there is degradation of the sacral
side of the SI joint which allows age to be roughly estimated, especially with
features like the rim, which is present in younger individuals and absent in older
individuals, and the development and deterioration of the lip around the outside
edges of the joint. However, the method seems les accurate than pubic
symphysis age estimation methods and does less than a stellar job assigning
individuals to the correct 10-year age increment. Success is better for the
differentiation of younger and older adult human skeletal remains. In its current
state, this new method of aging is not as definite as other methods of aging from
the pelvic girdle, though it may prove to be useful as a starting point in aging an
individual.
Ideally a larger sample size with more individuals from the less
represented age groups in the original sample should be used. This may provide
information for the development of a more accurate description of the age related
changes. The Maxwell Museum Collection is mainly composed of older
individuals (<60). By combining data from multiple collections, such as Maxwell,
Terry, and Todd, a better sample may be obtained. Lovejoy et al. (1985b), used
a total of 764 individuals of known age to develop their method for the iliac
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surface of the SI joint and tested it on 206 individuals of known age. Further
study could also determine whether the method is easily learned or not.
Continuation of this project may also be able to take sex and ancestry into
consideration to investigate possible differences in how that effects age, though
at this time, one of the hallmark features separating male and female in pubic
symphysis methods is not appearing applicable in this new method.
Development of a rim on the sacral surface of the SI joint is present on 40% of
males, and 27% of females, in the Maxwell sample used in this initial study.
Development of a rim on the pubic symphysis is linked to pregnancy, Gilbert and
McKern (1973).
Further research will potentially lead to this method being used on cases
where the sacral surface of the SI joint is one of the only extant joints available
for aging purposes and as part of a multivariate approach to aging adult human
skeletal remains.
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CHAPTER SIX

CONLUSIONS

This investigation has been preliminary and while the initial statistics have
not supported the hypothesis that deterioration of the sacral surface of the SI joint
proceeds in a manner that allows assignment to ten-year-wide age intervals, an
expanded study would allow for more definite conclusions as to whether this is a
viable method or not. The fact that individuals may be sorted into young/old
categories shows that there is a connection between SI joint surface deterioration
and age. A future study could refine my methodology and obtain higher accuracy
of placement into narrower age ranges.
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